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TENTATIVE GUIDELINES FOR DESIGN OP 
GAP GRADED CEMENT CONCRETE MIXES 
FOR ROAD PAVEMENTS 


I INTRODUCE I t liN 


These guidelines were approved by the Cement Concrete 
Road Surfacing Committee (Personnel given below) in their meeting 
held at Chandigarh on the 1st March. 1975. 

K.K. Nam hi a r ^Convenor 

Dr, R - K. G ho&h — 

Members 


D,C. Chaturvedi 
Or, M.p. Dhir 
Hr i^. tiabintlar Singh 
C.L.N- Iyengar 

PJ, .T2L[lLliv 

M.T>. Kala 
Hrig.. R-fc. K,ulm 
Dr. S.K. Khanhu 


K.C. Mital 

W.L. Patel 

P. 3 . SaniilmWfilia 

A.K. S.iityinarayana Rao 

3 -B,P. Sirdia 

N, Sivagu.ru 

Dr. H.C. VIsvc. 5 varaya 

Djrector General (Road 

novj! q p m c 11 

C. v Pa dma i tabh a n i Co ■ o n> c ti) 


These were processed by the Specifications & Standards Com¬ 
mittee in their meeting held on the 12th and 13th December, ]975 
and approved by the Executive Committee and the Council in their 
meetings held on the 22nd December, 1975 and 3rd January, 1976 
respectively, 


1.2. General 

3,2.1. A significant criterion in designing cement concrete 
mixes is to ensure That the voids in the compacted coarse aggregate 
get tilled with compacted fine aggregate and-the residual voids in 
th e total compacted aggregate structure w-j 1 h Uie cement paste of a 
giv e n w a 1 e i -ce m e n l ra tin to. m cel the si rci ig t ft re q u j re mem. D ei >c n - 
ding cm tiie workability needed fora particular construction, it will 
h e it ecc ssa ry to i n ere a sc l It c am o llh L t) f c c m c n L pa $ te a pp fop rl a t e 1 y 
0ver (ha l requ l red to fi I i the re sfd ua! vo id One wa y of ach Eeviiig 
Hi is desideratum is through gap-grading of aggregates with permissi¬ 
ble maximum size of coarse 'aggregate followed by admissible 
maximum size of finer coarse aggregate or fine aggregate, as the 
case may be. The relationship between the permissible and 

1 



me : 


admissible sizes Constitutes cine ba*iis for compatible gradation 
req li i red i n t h t d esig n o f gg p - grad ed uo i to r at e m i xes, 

1-2*2. The principle of gap-gmdation of aggregates is [hat Che 
voids in tile larger Aggregate particles are big enough to admit 
particles of the 'selected lower size mfhout causing any interference 
\o the larger part Ed £$ or dilation thereof. The flow of concrete 
results from easy admittance of the finer fractions into the voids of 
coarser fractions. This may be explained as follows: 

Assuming the maximum size of single-size course aggregates as 
ih the. largest voids in i he packing thereof will be able id'accommo¬ 
date smaller aggregates.of size 0.414 D, which in turn will ac.com- 
modaLe still smaller aggregates of size 0.225 D r rill aggregates 
idealised as spheres. The residual voids can be geometrically filled 
with further smaller aggregates of size 0.155 D. Tills theoretical geo¬ 
metrical model can go on down to the extreme fines. Such arrange¬ 
ment Is, however, possible only through very careful hand-packing, 
and in practice, i Lie aggregates of sizes 0.414 D and 0,22 5 D ban not 
easily enter the side in Lers licet* after the single-size coarse aggregates 
of size D have been closely packed. Aggregates of .size 0.155 D 
and lower alone can possibly slip into such side interstices without 
difficulty. Forcing;any intermediate size of aggregate smaller than 
U bul greater than 0.155 D with the aid of vibration, may result in 
wedging out the coarse aggregates of size D from contacting each 
other and thereby requiring considerably more quaui ily of mortar 
and hence more cement and water for any stipulated water-cement 
ratio. Properly designed gape-graded concrete mixes arc, therefore, 
likely to require Jess quantity of cement for the same water-cement 
ratio arid workability. 

3.2.5, in general, if the requirements of gap-graded concrete 
ore to be satisfactorily- met from the practical point, it is necessary 
to eliminate front the continuous grading range, aggregates of at 
least two and at best three successive sizes, depending upon the 
shape, size-and type of the coarse aggregates used * The suggested 
m 11 ge s rd' sf ngk • sme coa l sc aggjt eg: ucs an.il a gg r egu t e a o f s e I e cted 
lower size for different maximum sizes of aggregates with a view to 
achieving compatible gradation as envisaged m gap-gradation arc 
given in Table J. 

1.2,4- ERC: 15-19VO “Standard Specifications and Code of 
P rae lice for C oust r uctio n o f Co a e re l e Roads” si i. p u la test col I ce i io n 
of coarse aggregates for paving concrete in di Herein sizes. These 
are then combined in suitable proportions to obtain the stipulated 
continuous grading. Tn India, by and large, such, continuous grad¬ 
ings arc not produced horn crushing-operations. The elimination of 
a particular size from the grading range of coarse aggregate to 

7 




Tablj-: E : SutH-rESTeu CoMi'ATtDLii oitAPAilqs av- Coarse! akd Fine;: 

Ai5.orb<3ate5 for THK PoKi-pSE or Gat>-Gj<awing. 


Man, siy.i: 
of aggre¬ 
gate 
unm> 

Single size 
coarse 
aggregate 
(mn>) 

Munster 
of gaps; 

Max, si ze of £<j m pat E b le 
Fuer aggregate 


Small srzecoarse aggregate 
(mm) 

Sainl Zi 
(IS: 38.1 

63 

63-50 

2 

20-10 

11 Or 



3 

tO-4.75 

i [r or 

50 

50-40 

2 

10-4-75 

lit or 



3 

— 

1 Of 

40 

40-20 

2 

— 

I Ol 



3 

— 

11 Or 

20' 

20-10 

2 

— 

11 or 



3 

— 

HE or 


’ Foot Mote : Fineness modulus of sand : Zone 1-4,00 lo 2,71 

Zone 11-3-35 lo 2.1 I 
Zffino i I [-2,75 Lo F .71 
Zone IV- 2.25 u> 

obtain ga p-gra d mg should, therefpre,'pose no probIem. Since 
fractions oPeparse aggregates are costlier than their coarser ecu 
parts, such elimination may turn our to be cheaper from the j 
of material cost's-also. Where, however., the a]|-m aggregates 
the crushers provide the stipulated continuous grading, purge 
eliminating a Fraction therefrom by sieving to produce gap-gr 
aggregate mag be uneconomical. Foi the same reason, fine a* 
gate should not be screened to obtain the desired fractions for' 
grading. In many parts of the country, however, fine aggregal 
different granulpmetry are available and those with finer grai 
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before 

r gap-graded concrete mixes, the workability is 


1 . 2 . 5 . Fo 

of p||p| to 

Cap-graded concrete mixes°should g ™e^omjaae/'o^'through 
vibratory -hurt, Manual compaction should no! be permitted S 


I. Guidelines 


or* d;LJ^X v Z'-" '' tquircd 10 * spediirf 1,1 ,he ■**" 

(UJ IpSi!" ^“^“Mve/flbxurnl strength of concrete | Q th 0 field at 

(Id Mi lx i mum safcc of coarse aggregate to be used and Its type. 

iQ) ° r workability, f elated to tlte nature of construed™ tn i 

compact j on equjpment availabJe. construction and 

SSdt.rJdJ^i,.*"* 1 D8r,,,issn ' lc mm 8 If wriatitS. o; 

(c) Accepted to 1e nine* level. 

I he stipulations in respect of the above * 1**11 

^ >Jlt , 0rm t tc> . llltJ requirements laid down in IRC: [5-(970 where the 

™;*' H f t ’ rtfl,na .;. 0 «'*“ c,e pavcroenl. For other word 15 * 
standard specification may he Consulted. ' 4nt 

2,2. Tests for Materials 

i hc mittcriiais used shoirEd cpnform to the rdevant stn n rh rA 

h wil ' •* —* * ® ** 

(a i Cement: (i) Osmprtfcslve strength at 7 days (IS: 269-1967**) 

(ii) Specific gravity (IS: 2&H9fi7s*) 

& 3 &SE&!* may l>e «»«« 


(1>) Aggregate: 


fA > SP^itic gravity (fg: 23gg F arl , 1 1-1^300 


Rai,ld - tstss, 

* pt - 
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(id Bulk density of raxed surface-dry samples 
US: 23815- Part ft' 19631$). 

{ i ii) I 'ey can i w;i ter a : b so t pi Ion US: 23 fart 1963(jr;) 
(iv) Sieve analysis riS:.23HG Fart tAyGStfcm) 

2.3, Aggregate Grading 

23.1. As stated earlier, single-sue coarse aggicgn if should he 
c] 1 ™ ! a s far as possi ble, (1 a ole 1. ) Ifih is size ts i arge a n d a fier 
a 11 1 >W ■ rj g fur 2 ur 3 g a p s si: I ! a 1 radio n of fi ji cj coar $ci ;l gg rega te i s 
required as die next Compatible si/e, Lheu :lh per gap-grading princi¬ 
ple a second scl ol 2. or 3 gaps arc required to be provided between 
the fin er cuarse aggregate and the 11 n e a u.gregate <sa nd) . Howeve r, 
^jiice the second set i>j gaps will result in eliminating almost all the 
coarser fractions of fine aggregate and only fine to vary fine sand 
vvrN be left in most cases, this may not be desirable from the point 
of water demand and shrinkage.. Under such dr.c urn stances, L|ie 
number of gaps in the second set may be reduced from • :i or 3 to > 
or even 0, 

23.2. Fine aggregate should preferably be natural sand con¬ 
forming lo IS; 3&3-J970*, although crushed stone sand may also be 
ira.d. In the lattei' case, the fine aggregate should conform to 
fb- dSj-3b.. Q, excepting Unit in Grading Zone IV, the permissible 
percentage passing limjts on 300. - and 1 50 micron sieves should be 

’ 3-55 per ccni and 0-20 per ccnt respeelively 1 1 a pe r IRC: 15-J 9 70 
instead of 15-5G per cent and 0-15 per cent as stipulated in IS 
Specification. As far as possible, ihe size of (he line aggregate 
(Zo ne U II, 111 or IV) slioujd he as stipulated in Fa L>J e L Wh ere 
Ihcieis practical difficulty in gelling line aggregate conforming to 
rbc stipulated Zone, the next coarser Zone’might be adopted. 

I here is no need of Sieving the fine aggregate to obtain the desired 
Zone. 

2.4. Design Strength of Concrete 

2-4.1. As in contimmuily graded concrete, so also in gap- 
giaded co net etc. the strength varies with the water-cement ratio. 
Higher the water-cement ratio, lower is the strength of gap-graded 
concrete. £ Indies have shown that for the same water-cement 
ratio, both continuously graded and gap-graded concrete mixes yield 
similar strengths for workable, mixes. 


th'! Methods of test lur Aggregates for Concrite—Pi. HI, Specific 
Gravity, Density, Voids, Absorption and Bulking. 

■'■ Same os %- L'L. 1, Particle Size and Shape. 

* ^Pacifications for Coarse and Fine Aggregates from Mailin'. I Sources 
tor Concrete 


5 
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2,4.2, In order to get the specified mini nfum compressive or 
liexural strength in the field* the concrete mix has to be designed 
lor somewhat higher average compressive or flexural strength 
depending on Llie degree of quality control (denoted through per¬ 
missible coefficient nf VSi * 1 ration oi standard deviation) and line 
tolerance level. The average strength (S) at 2S days for which the 
mix should be designed is given by the equation; 


S l-hr/LOO ® 

where, x = minimum compressive or flexural strength (Kg/cm 2 ) ill 
the held it 2% days, 

t factor (dimensionless) depending on specified tolerance 
level and 

v — co-efficient of variation (pei cent) specified. 

2 A3. The values of tin eqn. (I) for different tolerance level 
arc given in 'fable 2 .. 



Table 2 : 

Values of Tolekamch mctok (t) 


Tolerance 

J eve l 

Number of 
sampSos 

t in to 

3 in 15 

i in 20 

l in 40 

1 in 100 

LO 

1,37 

if 

3 -St 

2,23 

2.76 

20 

W2 

1M 

1,72 

i.oy 

2.53 

30 

1-31 

1.54 

1,70 

2.04 

2,46 

vc (Lnflnile) E.Ztl 

1.50 

1,04 

1.96' 

2.33 


2,4.4. The average design compressive strengths of concrete 

l or d i fife re 11 r co i n bi n at ions of sp ec i ft ed mini m urn St re n g ih, to 1 era nee 
level and coefficient of variation corresponding to an infinite num¬ 

ber of samples have been worked out and are shown in Table 3. On 
smaller jobs:where-a finite number of samples is to he tested, the 
corresponding average design strengths could be obtained by 
application of appropriate tolerance factor in eqn. (lb 
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^.-.4 x According in IRC: j . 5 - [ 970 ,. ilie permissible tolerance 
e \ e lLi i a coo J >. i oi e ii t o 1 vn rim l i oi i Jo r c o j 'i c re 1 e road pa vem en ls a rc 

in 15 (fe. h /—1,5 (or Infinite number of samples) and 10 per cent 
respeelively. J 

2.5, Selection of ’Water-Cement Ratio 

. r A' compressive Strength of ordinary -pdrtland cements 
available in India varies considerably from factory. Ldfe.ctor v , it is 
not possible to have tL .single curve ol‘ correlation between water- 
cement ratio and compressive strength of concrete. A set of such 
cu rvw] * ll / "ays C P m r i-essEve s irengt h of' ee mei 1 1 asth e tli ird 
E l - ra m e ter is Riven in NtC ; 44- 1 972 1 * and is reproduced he re i n 
. roT the purpose ot guidance, Fora particular cement know¬ 
ing iK compressive at 7 days, ihe water-cement ratio for 

the average compressive strength of concrete can be selected from 



WATER-CEMENT RA TIO fry WT, 

Fig. J. Design curve foi ee. merit contreiu mixes in relation to 7-days 
eo m p i uss i ve *L i c n gtJi o J' cfcni lti t 


Tuntwrive Guidelines for Cement Concrete Mix Design 
Pavements 


for Road 
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40 Tn» CftU.SH&D STCWE 
■40 HUH I? AT Oft A J , oRflVEL 


40 0-4S 07f$ -- 

^TW‘C£H£1HT ft AT 10 (6Y kT) 

Tor "very IdW to “law 1 ' U( y 
"to S 9 I ■tln'ijp 0“2ji rn.pt,J 


R *’ Z Ch * rI for a!SC5 ™ein offlexural UrcuEth ormnerefc, from 
,Cs cu1>l; compressive strength 
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the curve as stated above. Where design is based on flexural 
strength of m cr'etc., the approximate rdaiiarship between com¬ 
pressive and flex'drai strength of concrete may be obtained hum 

2. 

2.6; Selection of Water Sand and On tent 

2.6J. The principle of mix design for gap-graded concrete is 
fadrca Ely different from that Lor continuouoly grade.! pon Crete. Hi.c 
basis of such design, as stated earlier, is that die voids in Lbc coan¬ 
na ct e d sing!e-s it e coarse dggregates wall be fi 11 ed by ihe s.eiected 
■easilv admissible liner aggregates (in most cases sand), meaning 
dnTcbv that the compacted bulk volume of the latter will be equal 
to the voids in the former. Iti the same way. the voids m the 
com pa c led, easiiv admissible finer aggregates (in most cases sand) 
will be filled by the cement paste having the stipulated water- 
cement ratio. 

2 6,2. The void content in aggregate can be easily calculated 
from its bulk density and specific gravity determined through tests. 
If the bulk d e ti Si t.y a n d s pc e i fie g r a v ity of a %p e ga t e a re d { kg. m J ) 
and j fgin/cm 5 ) respectively, then ibe void content n is ; 

{ 1 - TOO ) (2) 

The approximate values of specific gravity, bulk density and 
void content in different single-sized coarse aggregates and coarse 

(Zone 1 and II) and fine (Zone IIJ and ]V) sands arc given in table 
4, 'l bese values art ilie-an t fa t guidanee only. 

2.7. Mix Proportioniug by Optimum Void-Trilling Principle 

2.7.1. The mix proportions of gap-graded concruLc can bo 
calculated in the following manner t 

Let 

(it V (in iif) - gross volume, of single sized coarse aggregate 

- gross volume (F I tn 3 ) of w/eL mix tniniw the 
volume (v.) of entrapped air -Minus the volume 
{vV) of "extra 3 ' ceiffent paste required to provide 
ihe d e s i red wor ka bilit y- 

fii'm. Pin = gross volume of next compatible size oi fine 

' ■ aggregaw n roost taw* and) 

— volume of voids in the single-size course 
aggregate 
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-- |im , wiili/jj denoting pa 1 'cent of voids in 
s i jig! c^jii rse n jig r egate> 

un; I (iti)vjr (in m 3 ) = volume; of cement. pasts required to fiJl the 
voids in finer aggregate 

volume of voids in liner aggregate 
= — y, with pj B denoting per cont of voids in 

liner aggregate 

_ ih -fit- V 

10000 

The total volume ni cement pa.sic is therefore v' v |- v,., — lv, 
Knowing v., and vvatei’Ccmetn ratio (r) by weight, lire quantities of 
cement and water can be easily calculated. 


Table 4, Ajsproxjm^ti: Values or Specific: Cshav^y, bulk Density 
amd Vcji oC on i'fi n( s or Coarse and Fine AaC eukjates 


Size of aEgre^Eite 

Specifie graytly 
Cgi'em 4 ) 

Bulk den&Jty 
Cfcg.'m^X 

Fur cent void 

f.Cl/ i 
' (Vt 

Coarse ai_;giegate 




63—50 mm 

2.65 

S 650 

37.7 

50—40 mm 

2.65 

J62U 

nx> 

40— 20 mm 

2.65 

] GOO 

39.6 

20- JO mrn 

2,65 

1520 

42.6 

10 — 4.75 mm 

2 £5 

5520 

42.6 

Fine aggregate 

CuHrsc sand 
(Zone 1 &. JJ) 

2,65 

'i 

J 450 

45.? 

Fine sand 
(Zone ns & JV) 

2.65 ; 

i 

L 350 

4fi.7 


■’Naur 'I’he above values lire .aversigc for both fliipu I a r Cm a nut'actu red) a nd 
rounded Cjiaiurat) cD,ir?e aggregates. 
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2.7.2, The mix proportions by weight per m 3 gross volume 
Of wet concrete therefore are ; 


Water Cement Compatible finer Coarse aggregate 

aggregate (in most 
cases sand) 


kgim* (kg/m 3 ) kg/m 3 kg/ni* 

W, Wk W* 

where 

(i) W, = VJ f , 

= fJ-VV-j>)cf* (3) 

(ii) H - v,.^ 


}W (1 -Vi-v'-Adt 


f4) 


(iii) 


13,, 


I 000 I’j,. „Vn 

I + fV&‘ 


loop ^ 

1 r,s t 


and (iv) W,, = r* W* 


[■ 


fi\ ni 
10000 


(1’H, 




(5) 


with 


1 ( ) 00 c.v, 
1 H- r'.iv 


r'n 4- 


10000 




{6j 


tv volume (m 3 ) of entrapped air in lm s gross volume 
of wet concrete (see para 2.7.3.) 


— volume (m :i ) of f£ extra” cement paste required for 
do aired workability j.n lm :J gross volume of wet con¬ 
crete (see para 2J.4), 

th Per cent of voids in single-size coarse aggregate,, 

n-i Per cent of voids in liner aggregate, 

tl : - bulk density (Kg/m 3 ) of coarse aggregate. 

<4 -- bulk density (Kg/m 3 ) of finer .aggregate (inmost cases 
sand). 

$c — specific gravity of cement„ and 
r — water-cement ratio by weight. 
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3-73, Approximate quantities (ly) of entrapped air in wet 
concrete Tniwfj having different maximum sizes of coarse aggregate 
are-sltewn in Table 5. 


r'Am.i-. 5. Approximate A.vsoon'l i>t Entkapfed Air in Non 

A IR-tM'f R AlW BD CONOJt ETE 


Max. size of aggregate 
(mm) 

10 

20 

| 40 

| 50 

1 

63 

Entrapped air 
(%) 

3 

1 

1.0 

0.5 

0.4 

Volume of air per 

1 rn s groys 

volume of wet 
concrete (m 3 ) 

Dt,0J 

0.02 

0.01 

0.005 

O.itiM 


3.7.4. the amount (l'Ty of ‘‘extra’' cement paste required in 
the concrete mix will depend on the degree of workability desired, 
willed in turn will depend on the compactivc effort intended lo be 
applied and the amoiint 6f reinforcement proposed in the struct¬ 
ure. in India, most concrete pavements arc built without any 
reinfeirbement excepting dowel bars at expansion joints and some¬ 
times tie-bars ell lormiLudiniri joints. The slump stipulated in IRC; 

15-1970 is very low to low (Q to 25 mm) for paving con ere re mixes 
when compacted by vibration. Since gap-graded concrete mixes 
Should be dry to prevent segregation* the slump shall not be more 
than J2 mm. For this degree of workability* the amount (vT) of 
; ’cxtnf 1 ccmenL pastc maybe taken as equal Lo about I I per cent of 
die gross volume (V) of wet concrete on average basis. The 
quantity of “extra 5: cement paste will in reality depend op the 
iihupc und size of coarse Aggregate js well us the grading of Jine 
aggregate. Therefore, if greater refinement Li desired, the volume 
of “cxiTfi" cement paste may he increased or decreased by I per 
ceni (making it 12 per cent or 10 per cent: of y] depending on 
whether flic coarse aggregate is angular (e.g„ crushed slope) or 
rounded (e,g., gravel). Similarly, if sand available is such that the 
i l u n i be rdf ga p£ b e t we e n the I o w est c oa rs e agg rega t c fra ctipn an d 
the line aggregate is required to be reduced to T-2 or 0-1 instead of 
2-3 (sec para 2.3.1). the volume of extra” cement paste may be 
reduced by I and 2 per cent (making it 10 and 9 per cent of V) when 
the number of gaps is 1-2 and 0-1 respectively. 
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IRC : 59-1976 

3. WORKED OI f L'AAMLE ON MIX D l:S IGN 

An example illustrating the mix design procedure is worked 
out in Appendix* 

4. TRIAL MIX 

4.1. W i Lh tnix pro po r t io ns obtai n ed fro m pa ra 2.7 -2 j Die mis 
is prepared and the workability measured. If the workability 
measured is different from the stipulated value, the “extra 1 ' cement 
paste tyV) Khali be adjusted. To obtain maximum bene lit tro m 
trap-graded concrete, (he vyatet -cement ratio ot the mixes is ke.pl low , 
usually between 0.40 and 0.60, For Lliis range ot water-cement ratio, 
lor each 12 arm increase or decrease in observed slump, the amount 
o f ‘ ■ ext ra ' ' c L-m eri L pa $ re 11 ia y b e rfcd need or t u eiea se_d re spe clive 1 y 
by 5 per cent. For I m 3 gross volume of wet mtx.jF) lids reduct- 
kiu or increase in “extra” cement paste {V* d-1 h—0.1 m 3 ) would 
i nie a it an alteration by 0.05 y'u — t - 0,005 nr’ 5 lor each 12 mm 
ncrease or decrease in the observed slump value. 

4.2, The mix proportions are thereafter iecalculated with 

the adjusted cement pa^tc as per procedure given above ibr three 
water-cement ratios comprising (he pre-selected waie.r-cem cut-ratio 
and two other values* one higher and the other lower than 
Lhe pre-setccted ra r io by 0.05. the strength of con ercle witli 
the three water-cement ratios is tlien determined in accord' 
ance with 1^516-1969**. The values of strength obtained are 
then plotted against water-cement ratios and the appropriate 
water-cement ratio lor the required strength chosen irom the plot. 
The final mix proportions are Lhen recalculated for this water- 
cement ratio, other parameters remaining t he sam e. _ 

•* Mcihods, of Test for Strength of Concum- 
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___ _ Appendix ■ 


WORKED Ol.T EXAMPLE FDR CEMENT CONCRETE MIX DESIGN 


(Aj Design Stipulations 


(i) Minimum compressive strength 


rebuked in lEil- field at 29-days 

; 2M KsiW 

(ii) Maximum fijfcc of aggregate) 

: 40 mm (single-size, 
rou ndc il aggregate) 

12 mm fextrEi cement 

(iil) Degree Of workability 


paste, v'/3 =0.. 1 m'V ivj 5 j 

(j v) 13 C n roe o f e| ua L i ty con ( red 

: Good {'Co-efficient of 

(v> Accepted tolerance level 

variation 10%) 

: l in 15 

{11 UL.j o r tv oik : avol v i o g r cst i iig 
of a Inl ine number of samples, 
i.s., t from Table 2 -l .50) 

(vi) Entrapped air, r*. 

: 0.0 i 

Test Data for Msierinls; 

til Compressive stiengtli of cement 


ai 7 days (I.S.: 26d-l%7) 

: :m Kg/dm* 

in) Specific gravity of cement 

: 3,15 

(i j i) Spec ific gray it y o f co arse a ggrega te 

and fine aggregate 

: 2.65 

(iv) Water absorption: 

i.;j) Coarse aggregate 

: 0.4% 

{bj Fiae aggregate 

: 0,6% 

(v) Free (Surface) moisture; 

t;i) Coarse aggregate 

; nil 

(b) Fine aggregate 

: 2% 


(vil Bulk density ft f.k.atu rated siu L'ncu-dry 

e0.4rse agarega il* (rf.*): 1 tfJDD kg.'m’ 1 i ruble 4) 

i.vi i ) Ll ijlk dns i ty <} I sat 11 rafcd su r fa scsl j y 

Alio aggregate HSO kgJnrli 3 1 'E'abEa 4 'i 


CO Design Strength (Sf Concrete (S) 

S 


S= 


r V 

m 


260 
i—Lsxj^n 

m " 


260 260 


i — o. 1 3 n.fis 


■;3db kg/efih 1 


■ say, 3tG kgi'cin y 


(D) Selection of Water-Cement Ratio: 

' 

From Fig. 1* opr responding to 7-el ays cement strength of 3.09 kg/em* 
nJid design strength of cation: U: of ,4JO kg/erri*, vvatei- 
ceoienl ratio required^, 50, 
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IRC • 3S>-I076 


<E) " ,MiI 1 m* of We* C^ rel6 

(0 ^=1 m" 

rkTeforc *wr- , ff .-.v' [)te i,ofl-o.oi^ro *oM- m « 

(1 ‘ 1 > W * =* V ' {h = 0.8U X J euo - 1424 Kg 

flit) -i~:_ (/_ 

IOC) ' 


S]nce "*" tJ “ 1 60tyIW* : 2.<j^ X J Du-.19,6 per Uni 
51J Kg 


H’ _J9 .6xO,g9 x J450 
3 00' 


flv) H-v 


moo so 

I 4-P. 


(« 


> + 




) 


10000 

Sinm *.=.(!_ 1450,'1000x2.65)xKI0_45.3 rcrwm 
J00O.X3.15 /,... 3^x43.3x0.89 




f O.I0-I 


I -H0.5 K3.T3 
“317.7 Kg 

(V) f-r*=. r , FF;"„ 

=0-5 ]7.7= !5S.y_S kg 

Ivi t Mix j»j-fhf>i.>rrf5.)i!s 

Wa [ tr Cement 

(Kg.'trj^ iKgjm*) 


JOOUO 


") 


158.85 
W 0.5 


317,7 

1 


■"ine Aggregate 
{R&m*) 

511,0 
1,603 


Coarse Aggregate 
(t£g/na>j 

1424,0 
4,4K 


(F) Actal r «, nil . CJ ,„ r lic ^ per 5# l* baB , f CBllal| 

=mwt£ s ft# Zgitt'm* 

!nrc. bh ■ K fcg and wat er 25,0 kg=25.o 

gate =224 v ^4j V T 1 r£t; *8*™- 

=25,000 +0.ap S - |6oS.l/]jf^ t0 be * ddcdili therefore 
kg? llil[ltli ' V ° f fc;K a *Sre^tt rc.qu i red =80, 400 4 - 1.608= 

f V> 22 VY 04 Vw?' riL ' r> COarSo a fi*«gatft reqmretS =224.000-0 ,J$ 6 = 

rhftreffjfe, the actual quant it Sea r>r r iw jirr 

bz a o f ce (nun i a re: 1 h(J - dj f en r comstit ucn t % per 

Cement -50 kg . „„ 

* i>a ml =32.003 


Water --24.238 Jiire 


Coarse 4ggr,=223J04 kg. 
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